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-23 -? 

. Hindi 1 1 -48 — — „ 

.1 . .flTOCftflRTCCTCTCRflTCTflCflTCGTRRflTRTflGGTTTGTCTflTRC 

CrCRMCRG^ 

MP leader , Spl ice 

I h n u S C I i 1 p 1 u Q T fl T ' * 

ftCC R?G^RGCTGTRTCRTCCTCTTCTTGGIHOtHHLHbL.HLH CGTRRGGGGCTC 

flCRGTRGCRGGCTTGRGGTCTGGflCflTflTflTflTGGGTGflCRRTGRCflTCCRCTTTGCCTT 

Sp,iCe | G U H S Q U Q L Si E S G P G L U R 
TCTCTCCRCRGGTGTCCRCTCCCRGGTCCRRCTGCR^ GGRGRGC6GTC£RGG^ 

3- . 2- -» « 

25 30 CDR1 • 

pi D T L S 2 °L T C T U 8 0 S T F S B V H 

l^Z=2=TP===^-6 ' * 

Kn CDR2 _„ 

35 40 45 50 52R 

HT^lH gRQ pPGRGLEU1 G \ R I D M 

Gfl^K^TGGGTGRGRCflGCCflCCTGGRCGRGGTCTTGflG 

=^^^=?^=±Sz=? «/«— 

55 C0R2 60 65 70 



| ii e o G T "* V H E K F K S„| R U T H L U 0 
TRRTRGTGGTGGTRCTRRGTRCRRTGRGRRGTTCHH^ 



12/14 " 16 



T S ? K N Q F S 8 2 R L 82 ? I S T R 8 R 0 T R U 

.e J I ■ 1?~ 

13 _ , 20 

, , 18 — 1 ' ' 

on 95 CDR 3 100R B C 105 

v v C fl frfy r» v r. s s V F 0 vl « G Q G 

CTflTTRTTGTGCRROflTflCGflTTfi^ 



19 J i 21- 



•22/24- 
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— 1 1 

110 Splice .BamHI 
SLUTUSSl * 
CRGCCTCGTCRCRGTC7CCTCRGGT 193bp 3 

— 25 GRCfl 3' 

— ii-26b-CTCT7CGR 5" 



Fig. 3 



2188638 




6uipuiq 8Ai}D|aJ a6o}uaoJ3d 



2188638 



Fig. 5 



Hlndlll -j—I -^-1 -j- 5 ' , , BamHI 
TfTm FR2 IBM FR3 H w K 



CDRI 



CDR2 CDR3 



HuV^p gene cloned in Ml3mp8 



D1 3 CDRI oligonucleotide 

5- rrr, TCTCAC.CCA, GTT ,TAC,ACC,ATA 6 CC : 6CT,6AA,G6T,GCT 



FR2 



D1.3 CDRI 



FR1 



D1 3 CDR2 oligonucleotide 

5' CATJGT,CACJCT, GGAJTT^^ 

FR3 D1.3CDR2 
6TTJCC,ATC,ACC,CCA,AAT,CAT;rCC,AAT,CCA,CTC 



D1.3 CDR2 



FR2 



D 1 .3 CDR3 oligonucleotide . 

5' Grr.TTG.ACC.CCA.GTA.6TC < AAG < CCT,ATA # ATCJCT f CTCJCT < 



FR4 



DI.3 CDR3 



TGC,ACA,ATA 
FR3 



RESTRICTION SITES 
1 2 3 

Z33B9BBSB3 



VECTOR FR , FR2 F R3 FR4 VEC ™ 



(1) Diqest vector/FR1 -4 at restriction 
sitee 1 , 2, & 3. 

( 2) L'igete CDR sticky end duplexes 1,2 & 3. 



CDRl 
+ ~ 



CDR3 



CDR2 



\1 



zsafc 



VECTOR 



FR1 CDRl FR2 CDR2 FR3 CDR3 FR4 VECTOR 



-15 SIGNAL 



-10 



frTfl ULflLLFC LUTFPSC I Ll 
TCRGRGCflTGGCTGTCCTGGCflTTFiCTCTTCTGCCTGGTflflCflTTCCCflflGCTGTflTCCT 

-1 +1 5 10 15 

00 QUQLKESGPGLVRPSQSLS 
TTCCCflGGTGCfiGCTGRRGGflGTCflGGflCCTGGCCTGGTGGCGCCCTCnCRGflGCCTGTC 
CR] 

25 * * * CDR1 35 

V S G F S L T IG V G U "TTI 14 U R Q 
CRTCRCRTGCRCCGTCTCflGGGTTCTCflTTflflCCGGCTfiTGGTGTfiflflCTGGGTTCGCCR 



20 

I T C T 



40 45 50 * * * 55 CDR2 

PPGKGLEWLG In I MGD GNTDVl 



GCCTCCflGGRRRGGGTCTGGflGTGGCTGGGflRTGflTTTGGGGTGflTGGRRRCRCRGflCTfl 



60 



CDR2 



65 



N S R L K S I R L S 



70 75 
I SKDN'SKSQ 



V F 



TRRTTCRGCTCTCRflRTCCflGflCTGflGCRTCRGCflflGGRCRRCTCCflRGRGCCflRGTTTT 

80 82fl B C I 85 90 95 * 

LKMNSLHTDDTRRVVCRR H~r1 

CTTRRflflRTGRflCflGTCTGCRCflCTGflTGRCfiCflGCCRGGTRCTflCTGTGCCRGflGflGRG 

4 

» » » CDR3 105 110 
I D V R L D V I U GQGTTLTUSS 
RGflTTflTflGGCTTGRCTflCTGGGGCCflflGGCRCCflCTCTCflCflGTCTCCTCR 
D M J H 2* > 
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SPECIFICATION 

Recombinant DNA product and methods g 

The oresent invention relatesto altered antibodies in which at least parts of the complementarity determin- 
ing regions (CDRs) in the lighter heavy chain variable domains of the antibody have been replaced by 
analogous parts of CDRs from an antibody of differentspecificity.Thepresent.nvent.onalso relates to 

and two light chains, one light chain being linked to each of the heavy chains by d.sulph.de bonds The 
geneTel structure of an antibody of class IgG (i.e. an immunoglobulin (Ig) of classgamma <G» .sshown 
schematically in Figure 1 ofthe accompanying drawings. 
Sea^ 

15 chai hasa variable domain at oneend and a constant domain at its other end the variable domam being 
aUanedwiththevariable domain ofthe heavy chain and the constant domambe.ngahgnedw.ththef.rst 
constanrdomainoftheheav^ 

o„ thlnnZnd heaw chains have the same general structure and each domain compnsesfourframework 
regions whose sequences ; are re.a y Bilofsky, H., Reid-Miller, M. and Perry, H., in "seque- 

"egfonslargely adopt a p-sheetconformation andthe CDRsform loops connecting, and In some casesf<£ 
25 mSrirtS.theMhe«8tructuw.TheCDR.arehed inclose proximity by theframeworkreg.onsand.w.th 
tlcDRsfromtheomerdomain,contributetotheformationoftheanhgenbm 

Foramoredetailed account ofthe s^ucturaof variably 
Amzel LM Avev H P., Chen, B.L, Phizackeriy, R.P. and Saul, F., PNAS USA, 70,3305-3310, 1973, Se 9a'< 

•?o Marouart M..Deisenhofer,J.,Huber,R.andPalm,W.,J.Mol.Biol.,f4r,369-391,1980. 

30 InTcentyears advances in molecular biology based on re~mbinantDNAt^^^^ 

cesses forthe production of a wide range of heterologous polypeptides by transformation of host cells with 
heterologous DNA sequences which code forthe production ofthe desired products. mMMpnilkrMna 
EP-A-0 088 994 (Schering Corporation) proposes the construction of recombinant DNA vectors comprising 

35 a ds DNA sequence which codes for a variable domain of a light or a heavy chain of an Ig specihcfor -a 

predetermined ligand.The ds DNA sequence is provided with initiation and termination codons at ts 5 -and 
?^e7mnTrespe5ively.butlacksanynucleotidescodingforaminoacidssupemuoustot^ 

ThedsDNAsequen^ 

organisms of genes coding forthe whole or a part of human IgE heavy chain polypeptide, but does not 
contemDlate variations in the sequence ofthe polypeptide. 
comempS^ 

produc;.g'swhichareanalogoustothose normally found in vertebrate systems and to ta^ 
dRaLnemodificationtechniquesproposed thereinto construct chimericlgsorothermodifiedformsoflg. 
0 T^^Z*2Lws used to describe a protein comprising at least the antigen binding portion 
ofaimmunoglobulinmoleculellglattachedbypeptidelinkagetoatleastpartofan^ 

It is believed that the proposals set out in the above Genentech application did not lead to the expression of 
anysiSnificantS 

50 andassemblyofthechainsintothedesiredchimenclgs. ,„ u ,„ n =„hm;i 

Th productionof monoclonal antibodies was first disclosed by KohlerandM,lste.n(Kohler G andVhl- 
steln C Nature,256, 495-497, 1975). Such monoclonal antibodies have found widespread use notonly as 
tfagno^^ 

MTPPress, Lancaster, 1981) but also in therapy (see, for exemple, Rite, J. and Schlossman, S.F., Blood.59, 
^ 'llenSntem 

(see for example. Oi, V.T., Morrison, S.L, Herzenberg, LA. and Berg, P., PNAS USA, SO, 825-829, «W. 
NeubemeTM ! S EM BO J ,2, 1373-1378, 1983; and Ochl,T., Hawley, R.G., Hawley, T., Schulman. M.J.,Traun- 

60? n vLmutagenesisandDNAtransfectiontoconstmctrecombinantlgspossess^ 
Howe™^ 

whlcTnUmlsdependentonitsprimeryaminoacidsequ^ 

rnlgmayadversely affect its activhy.Moreover,achangeintheDNAsequencecod.ngforthelgmay affect 

the ability ofthe cell containing the DN Asequence to express, secrete or assemble the Ig. 

65 Kistne^ 
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Howeler.colleagues of the present Inventor have devised a process whereby ch.mencant.bod.es.nwh.ch 
bo"hpartsof *e protein arefunctional can be secreted.The process, which sd. S closed.n nternat,onal 
PatentApplication No. PCT/GB85/00392(Neubergeretal.andCe!ltech Um.ted),compr,se 8 

ence comprising afirstpartwhich encodes atleastthevariabledomainoftheheavyorl.ghtchamof anlg 
mnleculeandasecondpartwhichencodesatleastpartofasecondprotein; 

□Snecessar!p^ 
DNAs^eniS 

^tnl^ 

d) culturing said transformed cell lineto produce a chimeric antibody. 



15 class or subclass; 

ii) at leastthe active portion or all of an enzyme; 



iii) a protein having a known binding specificity; 

!v)aSroteinexpressedbyaknowngenebutwhosesequence,funct.onorant.gen,c.ty.snotl<nown ( or 

20 ^eKeN^g^ 

bodies in which the sequence ofthe variable domain has been altered „ M « tn „ ( «nithPpDltein 
The oresent invention in a first aspect, provides an altered antibody in which at least parts of the CDRs in 
meTigh'Th^ 

baSS 

numleroflgs^ isapparentth^ 
regTon^^ 

^ a ^Moreover^not an' of thelamhio-ad^re^ loop regions are solvent accessible and in one case, 

amTacW^ 

35onentationby^ 

CI Thus inordertotransfertheantigen binding capacityofonevariabledomaintoanother.itmay notbe 

tc re ace all ofthe CDRs with the complete CDRs from the donor variable reg.on. It maybe 
necessa^on^ 

do involvetransferrlngframeworkregionresiduesaswellasCDRresidues. A .„ t ^ 
Tmayalso^^^ 

aC Srd?m b lTpackingtogetherandonentationo^ 

fore he ends of the CDR loops) are relatively conserved. However, small sh.fts in packmg and or.entat.onof 
46 r8e B% Se et^ 
Ser^ 

omv J BmcToleri R and Karplus. M.,J. MoL Biol., 186. 651-653, 1985).These points w.ll needto be borne.n 
Tndwnen^^ 

50 tO S m rc.Tarm?tS 
inafonToS 

rmpStenceofthemainskilledintheart,eitherbycarrying out routine expenmentat.on or by trial and error 

•s CDRVeolacementand rf necessary, by partial framework region replacement and sequence changing. 

AEhoughtrCDR^ 
wSeframeworkr^ 

diffprpntclassandDreferablvfromanantibodyfromadifferentspecies. 
60woTreS^ 

Triab!^ 
65™us^^ 
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Even with the altered ant.bod.es of the present inven W^re u ; I wyw a|tered 
theredpientofthealteredantibody.Thisresponseted^ 

antibodyjtisbelievedthatateastsomea^ 
theframeworkregionS D Kwou>d therefore 

10 partial or complete CDR replacements but on , tones ^ JJJJSSrtyp. response, a second altered antl- 
ef^ 

Preferably.thealteredamibo^hast^ 
15alteredantibodymaycompr.s^ 
dimeroraheavychamdimer.A^ 

srbe-ss 

^'th^etXS^ 
"aTpre^^^^ 

25 S econdantibodyofdifferentspec.f.c.ty. , onvect orinc |uding a suitable promoter operably 

30 StuHngsafdtran^ 

ative vectors, and methods forthe.r P rodu ^° n ; fc , d antibody is an immortalised mam- 

50chain,b«ali»ttecompl.m.rt«r,»an=bleaom^ 

formed cell line may be prod ^£*^^JS^^,^^|«fWon. Alternatively, the DN A 
thenfusing the bactenal cell with the ••""""J"*" i^JEnZmMTto DNA sequence encoding 
maybe directly introducedintothe.mmortahsedc^ 

60 the altered variabledomainmaybeprep^^^ 
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If it was desired to repeat this strategy to insert a different antigen binding site, it would only requ.rethe 
svnYhesSof^ h - h 

thefourf ramework regions are fused together with suitable restriction sites atthe ,u net. ons. Double stranded 
Rsvnneti^ 
P SlrefytheDNAsequencee 

oliaonucleotide site^iirected mutagenesis. This technique in essence involves hybridising an olh 
aonuroudecodingforadesiredmutationw^ 
,« =°rt?,7nothesinalestrandasatemplateforert^ 

In ftA«7 RRnn 1982- Norris.K.,NorrisF., Christiansen, Land Fill, N.,Nuc. Acids Res., 77,5103-5112,1983, 
15 F °7 A •^nZprf technioue for introducing both single and multiple mutations In an M13 based vec- 



198 . 5 1 ^i^iH« it hue nroved Dossibleto introduce many changes simultaneously (as in Carteret 

,na. .r c ^ 
2 %mmase^ndantS^ 

from a seconc i ammo v represents a particularly convenient way of expressing a variable 

25 TeoTgo^ 

mav be solatedfrom DNA coding for the variable domain of the second entibody by use of suitable restne- 
^eteSuessetoutabovemay also be used, where necessary, to produce the vector of part (b) of the 



Te method of the present invention is envisaged as being of particular use in "humanising non-human 
m^ocTonalanS 

mav be oroduced by techniques well known in theart.The CDRafrom the mouse monoclonal antibody 

mav*en^ 
35 *en produced «n q^^^ 

themShS 
40 drawings, in which: 

f/ai/re/isaschematicdiagramshowingthestructureofanlgGmolecule, _ ;rt „, 

the BI-8 antibody; ^ w „ orio . 

F/77f/re3showsthe amino acid and nucleotide sequence oftheHuV NP gene, 

45 ^snow^ 

SeSshows the structure ofthree oligonucleotides used forsite directed mutagenesis; 

F/^yre 6shows a protocol f orthe construction of CDR replacements by Insertion of CDR cassettes into a 

50 f igure 8 shows a protocol f orthe cloning of the D1 .3 variable domain gene. 
^TOsexampleshowsthe production of an a^ 

chlmsSmDrises the^ framework regions of a human heavy chain and the CDRs from a mouse heavy chain. 

stmctureXSisknow^ 

'^eC^stl^ 

^amSd^ 
amTnoaXquenSo^ 

rdCDRsaccordinfltoKabatetal.(loc.cit.KConservedresiduesaremarkedwithaline. 
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alternate with the framework regions of the NEWM antibody, is shown in Figure 3. The HuVnp gene was 
Mitr e lJ.B;Jouhal.S^ 

ment encoding the HuV NP domain.Thus the 5' and 3' non-coding sequences, the leader sequence, the L-V 
5 SonXe N-terminal and four C-terminal amino acids arefrom the MoV NP gene end the rest of thecod.ng 



seaue'nce is from the synthetic HuV NP fragment. 

Sligonucleotidesfrom whichthe ^ 
nortion of the HuV NP gene. For convenience in cloning, the ends of oligonucleotides 25 and 26bform a H.nd II 
Slowed by a Hind III site, andthesequencesofthe25/26boligonculeot.desthereforedrfferfromthe 

10 "^XsyntheticfragmentwasbuiltasaPstl-HindlllfragmentTh^ 
froTtheproteLequen^ 

521-438, 1984) with optimal codon usage taken from the sequences of mouse constant domain 9enes.The 
oligonucleotides (1 to 26b, 28 in total) vary in size from 14 to 59 residues and were made on a B.osearch SAM 
1 5 or an Applied Biosystems machine, and purified on 8M-urea polyacrylam.de gels (see Sanger, F. and Coul- 

S °T^oMgonud^ 

[1 3 5 7] {Block A), [2,4,6,8] (block A'), [9,11,13a,13b] (BlockB), [10a, 10b,12/14] (block B'), [15, 17] (blockC), 
[le/ieilblockC'Uig^l^S^SllblockDJand^O^^^ea^ebltblockD'). 

20 In a typical assembly, for example of block A, 50 pmole of oligonucleot.des 1 ,3,5 and 7 were phosphoryla- 
ted attne 5' end with T4 polynucleotide kinase and mixed together with 5 pmole of theterminalohgo- 
nucleotide [1] which had been phosphorylated with 5 „Ci [ r 32p] ATP (Amersham 3000 Ci/mmole). These 
oligonucleotideswere annealed by heating to 80°C and cooling °™™™"^ 0 ™^ 
unkinased oligonucleotides 2, 4 and 6 as splints, in 1 50 ^l of 50 mM Tr s.CI, pH 7.5, 1 0 mM MgCI 2 . Fo the 

25 ligation ATP(1 m M)andDTT(10mM)wereaddedwHh50UT4DNAIigase(Angl l anB.otechnologyLtd .and 

formamidedyes.Thesamplewasloadedontoandrunona0.3mm8M-urea10%polyacrylam,degel.Ab a nd 
oftheexDected size was detected by autoradiography and eluted by soaking. 

30 T^KgthS 30 
desCsblocksAtoDwereannealed and ligated in 30 basset out in the previous paragraph using 100 

Pmoleofolgonucleotides10a,16and20assplints.BlocksA 
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8 AfterXClSthe^^ 
35veS^ 

Hind III, and the gene sequenced by the dideoxy technique (Sanger. F., N.cklen, S. and Coulson, A.R.,PNAS 
U TheMoV^gSa^fransferred as a Hind III -BamHlfragmentfrommevectorpSV-V N p(Neubergeretal.. 
loccit)^ 

40mentoMovJS 40 
^noncodin^equencebysited^ t 
nea?theendofthefourthW^ 

of the V NP fragmentcan be inserted as a Pstl-Hind llfragment. The sequence atthe H.nd II site wascorrected 
to NEWM FR4 by site directed mutegenesis. u«.^ ri „„Jh.Ain(A 45 

The Hind III -Bam HI fragment, now carrying the HuV NP gene, was excised from M13 end c |™"«*"*» « 
pSV-V NP to replace the MoV NP gene end produce a vector PSV-HuV NP . Finally, thegenesforthe heavy chain 
coLanCmainsofhumanTgE^ 

ceTasa Bam HI fragment to give the vector P SV-HuV NP . HE. This was transf ected Into the myeloma line J558 

backintoM13mp8(Messingetal.,loc.cit).J558Lmyelomacelis secrete ^M*"^*™^*™ 
been shownto associate withheavychainscontalningtheMoV N pvariabledoma.ntocreaeab^ 

NP-cap orthe related hapten NIP-Cap (3-lodo-4-hydroxy-5-nitrophenylacetyl-caproic acid) (Reth, M., Ham- 
merling,G.J.andRajewsky,K.,Eur.J.lmmunol.,S,393-400,1978). ... , , <ri 

As theplasmidpSV-HuV NP .HE contains thespfmarker.stablytransfected y^**^*"*" 0 * 1 
in a mediumcontaining mycophenolicacid.Transfectants secreted in antibody « Hu ^HaE) w,th heavy 
chains comprisinga HuV N pvariable domain (i.e. a "humanised" mousevanable region) and human 7 con- 
stant domains, and lambda 1 light chains from the J558L myeloma cells. „^«„..„Ht«o„nt«.in 
The culture supernatants of several gpt+ clones were assayed by radioimmunoassay and found toconta.n 
60 NIP-£p Tndingantibody.Theantibodysecretedbyonesuch^ 
affinitychromaWaphyonNIP-capSepharose(Se P harosei 8 a^^ 

SDS gel indicated Ithatthe protein was Indistinguishable from the chimeric antibody MoV NP -lgE (Neuberger 



55 



60 



etal.Joc.cit). 
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6 GB Z loo wo m _ ■ 

TneHuV^-.gEanubodycompetese^^ 

V a riousconcentrat.ons^ 
MoV NP -lgEto polyvmyl m,crot.tre 
5 oratories); (b)NIPH*p-bovmese^ 
body; and (e) rabbit 8 nt.-Moy NP ant l semrn.B.nd.ng was ^aiso car h f JW5/1/2 which isan 

b0 dy(Neubergar.M.S Williams ^Xand^x 
IgM antibody dtferingfrom the MoV^ 

in the absence of the inhibitor. . N , p erethenmea sureddirectlyusingthefluorescence 

Oecrea»lnth.raIioofth.fluore5cen 1 »riHuV» '^^^ -B1 .- ni , m « x | im , m< ^ m d.w« 

TaWef 3° 
30 K NP -cap K N1P ^ap 

saw ss «s 

an enzyme. _ e ?ui e t n nmduce an antibody specific for an artificial small hapten, 

anti-idiotypic antiserum (Figure 4(e)) substantially all the antigen binding 

"cepalC^^ 

^.tsof^ 
betransferredfromonesetofhumanf = 

Tr^Son^ 

encoding a different set of framework regio ns. b transferred from one f rameworkto 

55 Theaboveworkshasshownthatanttgenb^ 
anotherwrthoutlossofactnnty.solong^ 

Itisknownthatsmallhaptensgenerallyfitrntoanantig^ 
natural antigens,for instance antigens wmpnslng an ep^ 
antigens.the antibody maylackadeftitmayon^ha^ 

'TeSrewoHcwascar^^ 



35 



40 



45 



50 



55 



60 



GB 2 188 638 A 



variable domain gene similarto the HuV NP gene. 
Example 2 



The three dimensional structure of a complex 
5 loc cit.) was solved by X-ray crystallography. There is a large surface of interaction between the antibody and 5 
antigen. The antibody has two heavy chains of the mouse lgG1 class (H) and two Kappa l.ght chains (K). and is 

de The e DN b AsMSencfof the heavy chain variable region was determined by making cDNA from the mRNA of 
the D1 3 hvbridoma cells, and cloning into plasmid and M13 vectors. The sequence is shown in Figure 7. in 
10 which meboxed residues comprisethe^ 10 
T^reesyntheticol^^ 

of the HuV NP gene.TheHu NP gene has been cloned into M13mp8 as a BamHI-Hind III fragment asdescnbed 
above.Eacholigonucleo^ 

complementary to the appropriate HuV NP framework regions. The central portion of each o igonucleot.de 
1 r eTod.es either CDR1, CDR2, or CDR3 of the D1 .3 antibody, as shown in Figure 5, to wh.ch reference is now 1 5 

made. It can be seen from this Figure thatthese oligonucleotides are 39, 72 and 48 nucleot.des long re- 

Sf To pmoto of D1.3 CDR1 primerwas phosphorylated atthe 5' end and annealed to 1 M of the M13-HuV NP 
t^mnlatB and extended with the Kl enow fragment of DNA polymerase in the presence of T4 DN A ligase. After 

Cl^ primer labelled atthe 5' end with 30 jtCP-p-ATP. After a 3" wash at 60°C, autoradiographyrevealed 
about20%ofthecolonieshadhybridisedwelltotheprobe.Allthesetechn,quesare^ 
25 "Oligonucleotidesite-directed mutagenesisin M13" an experimental manual by P. Carter.H. Bedouelle 
M M Y. Waye and G. Winter 1985 and published by Anglian B.otechnology bm,ted ^ k ' ns [ R °^° ches - 
ter,Essex C028JX. Several donesweresequenced.andthereplacementof HuV NP CDR1 by D.13CDR1was 
confirmed. This Ml 3 template was used in a second round of mutagenesis with D1 .3 ( CDR2 pnmer; finally 
template with both CDRs 1 8i2 replaced was used in a third round of mutagenesis with D.1 3 CDR3 primer. In 

30 thiscase.threeroundsofmutagenesiswereused. ,„ k ,,„ 

ThevariabledomaincontainingmeD1.3CDRswasthenattachedtosequencesencod.ngtheheavychain 

constant regionsof human |gG2soastoproduceavectorencodingaheavy chain Hu». The vector was 
transfected into J558Lcells as above. The antibody Hu» 2 Lj "S secreted. 
Forcomparative purposes, the variable region gene fortheDI .3 antibody was inserted intoasuitable 
35 vectorandattachedtoageneencoding the constant regions of mouse lgG1 to producea gene encoding a 
heavy chain H» with the same sequence as H. The protocol for achieving this is shown in Figures. 

As shown in Figure 8, the gene encoding the D1 .3 heavy chain V and C H 1 domains the part of the hinge 
regionareclonedintotheM13mp9vector. Tw aP o t . 
The vector (vector A) isthencutwith Ncol, blunted with Klenow polymeraseand cut with Pstl. The PStl- 
40 Ncol fragment is purified and cloned into Pstl-Hindll cut MV NP vectorto replace most of the W,»eoAnQ 
sequences. The MV NP vector comprisesthe mouse variable domain gene with its promoter, 5 leader, and 5 
and 3' introns cloned into M13mp9.This product is shown as vector B In Figure8. 
Using^ 

encoding the N-terminal portion of the C„1 domain and the Pstl site nearthe N-term,nus of the Vdoma.n are 
45 removed. ThustheVdomainofD1.3nowreplacKthatofV NP toprod^evectorCof RgureS 

VectorC isthen cut with Hindlll and BamHI andthefragmentformed thereby is insertedino H ' nd »^ amH ! 
cut M1 3m P 9. The product is cut with Hind III and Sad and the fragment is inserted into PSV-V NP cut with Hind 
ZcS 

are cloned into the vector as a Sad fragment to produce vector D of Figure 8. „ iati „ nuuit uth a 
50 Vector D of Figure 8 is transfected into J558Lcella and the heavy chain H* is secreted in association with the 

lambda light chain Las an antibody H*aL 2 . . 
SeparatedKorLlightchainscanbeproducedbytreatinganappropr.ateantbody(for.nstancem 

antibody to produce K light chains) with 2-mercaptoethanol in guanid ne hydrochloride blocking thef ree 
fnterchainsulphydrylswithiodoacetamideand separating thedissociatedheavyandl.ghtcha.nsbyHPLC.n 

55 T«fent h hC C aS e ht 

ated heavy and lightchains, and dialysing into a non-denaturing bufferto promote re-assoc.at.on and refold- 

fnrProp^lyrLsociateda^ 

Usingappropriatecombinationsoftheaboveprocedures, thefollowingantibod.es were prepared. 
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H*K 2 (D1 3 antibody) 

H* 2 L 2 ©1.3 heavy chain, lambda light chain) 

H* 2 K 2 (recombinantequivalentofD1.3) 

Hu* 2 L 2 ("humanised" D1.3 heavy chain, lambda g 

5 light chain) 

Hu* 2 K 2 ("humanised" D1.3) 

Theantibodiescontainingthelam 
antibodieswere,andtheresultsareshowninTable2. 1Q 

10 

Tab/e2 



. Dissociation constant 

Antlbody forlysozyme(nM) 

15 *AA 

D1.3(H 2 K 2 ) ]JJ 

D1.3(H 2 K 2 ) 15.9,11.4 
(reassociated) 

recombinant D1 .3 (H* 2 K 2 ) 9 - z 
20 (reassociated) 

"humanised" D1 .3 (Hu 2 K 2 ) 3.5, 3.7 
(reassociated) 

Theaffinitvoftheantibodiesforlysozymewas determined by fluores^ntquenching, with excitation at 

The affinity ottne a *™ were diluted to 1 5-30^/mg in phosphate buffe- 

Twill of course be understood thatthe present invent.on has been described above purely Jywayof 
JJS modifications of detai.can be ma de within the scope of the.nvent.on as defined .ntheeppen- 

40 ded claims. 
CLAIMS 

1 Analtemdantibodvinwhichatleastpartsof the complementarity determining regions (CDRs) in the 

d ^TneatteSntibodyofclaim1,inwhichtheentireCD 
3 SealteredeSbodlofclaimlordaim^inwhichthevariabiedom 

fragmentthereof. 
6 Amethod^produdn^ 

pSgTareworkregionsfromaflrstantibodyandCDRscomp 

second antibody of Afferent specificity; ^ vec tor including a suitable promoter operably 



50 



55 



chain respectively; , , 

c) transforming a cell line with thefirst or both prepared vectors; and 

65 immortalised cell line. 
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8 Themethodofclaim7Jnwhichthe^ 

9 The method of any one of claims 6 to 8. in which the DNAsequence encoding the altered variable 

Sdomainisp^paredbyprLerdirectedoligonucleotidesite-directedmutagenes^ 
gonucleotide. 
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